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Overview of the Presentation 
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Motivation 
Ø Analyse the flow in the intake duct for ground static condition. 
Ø To assess the intake pressure loss. 
Ø Validation by ground tests and expand to different flight conditions.  
Approach 
v CATIA V5 R20-Geometry creation 
v ICEM CFD – Mesh Generation 
v Ansys Fluent- Solver and Post processor  
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Transport Aircraft 
Nacelle and Engine 
Schematic 
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Geometry 
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Ø As close as possible to reality neglecting minor and some of the structural elements in 
air intake system (like rivets, engine mounts etc.) 
 
Ø Healing Assistant Technique was used in geometry phase which is a special tool for 
repairing the complex geometry.  
Mesh 
Ø Symmetrical geometry. 
Ø By each surface definition. 
Ø Tetra Mesh (unstructured) with prism layers. 
Ø Octree Approach. 
Ø Discretization method followed: Finite Volume Method 
Pre-Processing 
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Parameter Achieved 
quality 
Acceptable Range 
Aspect Ratio 1-74 <100 
Skewness 0.5-0.75 >0.5-1.0  
Orthogonality 0.3-0.6 >0.166 
Table. 2 Mesh Quality 
Tetra/Mixed Elements Grid 1 Grid 2 Grid 3 
Bypass 
Duct 
Closed 
Total 
Elements 
14 
millions 
8.3  m 4 m 
Total 
Nodes 
3.8 
millions 
2.2 m 1.4 m 
Table.1  Element  Details 
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Flight Case Altitude, m 
(ft) 
OAT, °C (K) Speed, 
m/s (M) 
Mechanical Mass 
Flow 
Rate, kg/s (lb/s) 
Nacelle AOA, 
deg 
Min. Climb  1371.6 (4500)  6.1 
(279.25) 
71.46 
(0.21) 
4.036 (8.90)  6.60  
Best ROC  3810 (12500) 9.75 
(263.4)  
88.47 
(0.26) 
3.43 (7.61)  5.45  
Max. Cruise  7620 (25000) -34.5 (238.65) 159.94 
(0.47)  
2.56 (5.65)  0.90  
Econ. Speed 
Cruise  
7620 (25000) -34.5  (238.65)  136.2 
(0.4)  
2.5 (5.50)  2.67  
Econ. Speed 
Cruise  
4572 (15000)  -14.5 (258.45) 112.3 
(0.33)  
3.22 
(7.08)  
2.56  
 
Ground Run 
Bangalore  
914.4 (3000) 34 
(307.15) 
6.8 
(0.02) 
5.0 
(11.0) 
0 
Table. 3 Test Conditions for Analysis 
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Boundary Condition : 
 Domain Inlet : Velocity Inlet  Nacelle Cover : Interior 
 Domain Outlet : Pressure Outlet  Domain Far Field : Pressure Outlet
 Symmetry Plane : Symmetry   Fluid Wall  : Symmetry 
 Nacelle  : Wall   Fluid Point 1 : Fluid 
 Air Inlet Duct &     
 Stopper  : Wall   Fluid Point 2 : Fluid 
 Compressor Screen : Pressure Outlet (with mass flow target) 
Solver –Fluent 
 
Ø Pressure based steady state flow problem.  
Ø Pressure-velocity coupling algorithms:  SIMPLE (Semi- Implicit Method for Pressure-  
      Linked Equations).  
Ø Fluid : Incompressible air 
Ø Turbulence model(RANS):    Model study carried out on S-A and K-Omega SST model.  
      K-Omega SST was concluded. 
Ø Solver time:     On HPC , 6 core ~12 Hrs. 
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CFD Results 
Case No.6 
Ground Static 
Fig.5 Flow Fields- Boundary Surfaces  
Static Pressure Maps 
 
Ground Run (Bangalore) 
Z, m (ft) =914.4 (3000);  
Speed, m/s (M) =6.8 (0.01);  
OAT °C (K) =34 (307.15) 
AoAnac=0°- MFR, Kg/s (lb/s) =5 (11) 
 
Fig.6 Flow Fields- Boundary Surfaces  
Total Pressure Maps 
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Fig.7 Flow Fields- Velocity Vectors 
Fig.8 Flow Fields- Fields- Pathlines  
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Case 
No. 
Altitude
, 
m  
Free Stream 
Total 
Pressure, 
Pa, Abs 
Free Stream 
Static 
Pressure, 
Pa, Abs 
Compressor Screen Inlet (Throat) 
        Dynamic 
Pressure, 
Pa 
Static 
Pressure, 
Pa 
Total 
Pressure, Pa 
Dynamic 
Pressure, Pa 
Static 
Pressure, 
Pa 
Total 
Pressure, 
Pa 
6 914.4  91709 91700 920.8 -2836 8.6 8.2 0.5 -1888 
Table. 4 Computation Result 
  
  
  
Case No. 
Engine Inlet De-Icing De-Icing (ΔP/P)IN  (ΔP/P)IN  
RAM RECOVERY, % 
Mass 
Flow, Kg/s 
Mass Flow, 
Kg/s 
Mass Flow, 
Kg/s 
Mass Flow, 
% 
De-Icing off, 
% 
De-Icing on, 
% 
  
6 5 4.5 1 (+) 22 inside 2.1 8.6 Not Applicable 
Table. 5 Analysis Result 
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Experimental Results 
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Experimental Results 
Engine Ground Run Test Data (Case No.6): 
EGR No. 48 
Condition: Static. Full Power (100% Torque) 
OAT: 34 ºC, Bangalore 
Pamb= 13.17 psi 
Non-Icing, Bypass Duct Closed. 
 
Air Intake parameters LH 
Engine 
RH 
Engine 
Design (Typical) Remarks 
Ram Recovery, % - - 80 (65-90) Not Applicable in 
ground static 
Bypass-Duct Mass flow, Mb , Lb/sec or 
in % 
- - 30% (min 25%) To be assessed in 
icing conditions 
Intake Pressure loss, % 2.52% 2.47% 0-2% in flight Intake Pressure Loss 
Estimated from CFD 
on ground is ~2.1% 
Charge Heating, °C 2° 2° 2-3°C in flight   
M˚, lbs 9.02   9.2      
Table. 6 Analysis Result 
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Ø From static pressure plots, it is observed that the low pressure region in the lower portion of 
nacelle helps to drive the flow during icing conditions. 
 
Ø From results it is seen that the inlet system pressure loss is within acceptable limits recommended 
by the engine OEM.  
 
Ø Ground run results obtained are compared with the numerical solution obtained by CFD and it was 
found that the CFD anlysis underpredicted by appraoximately 12.5% which is a very good 
prediction from CFD close to the experiment results. This underprediction can be attributed to 
incomplete representation of compressor screen geometry , structural elements such as engine 
mounts etc.  
 
Ø Hence, CFD results obtained can be said to be in agreement with the experimental results. Once 
aircraft is finally cleared for conducting the flight tests as per the cases considered, remaining data 
can be collected and compared with CFD results.   
Conclusion 
Thank You 
